de With SAJ, Man WH, Maas C, et al. Neutrophil fluorescence in clozapine users is attributable to a 14kDa secretable protein. Pharmacol Res Perspect. 2020;8:e00627 10.1002/prp2.627

Sera A. J. de With and Wai H. Man authors are contributed equally.

ANC

:   Absolute Neutrophil Count

CIA

:   Clozapine‐Induced Agranulocytosis

DAPI

:   4',6‐diamidino‐2‐phenylindole

FACS

:   Fluorescence‐Activated Cell Sorting

FAD

:   Flavin Adenine Dinucleotide

FDA

:   Food and Drug Administration

fMLF

:   N‐formyl‐methionyl‐leucyl‐phenylalanine

FSC

:   Forward Scatter

GWAS

:   Genome‐Wide Association Study

H~2~O~2~

:   Hydrogen Peroxide

HEPES

:   4‐(2‐hydroxyethyl)‐1‐piperazineethanesulfonic acid

HLA‐B

:   Major Histocompatibility Complex, Class I, B

HLA‐DQB1

:   Major Histocompatibility Complex, Class II, DQ beta 1

HOCl

:   Hypochlorous Acid

MHC

:   Major Histocompatibility Complex

MPO

:   Myeloperoxidase

PAF

:   Platelet Activating Factor

SDS‐PAGE

:   Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

SSC

:   Side Scatter

1. INTRODUCTION {#prp2627-sec-0001}
===============

Clozapine is an effective antipsychotic drug, developed in the 1950s. It is the only antipsychotic drug with proven superior efficacy in treatment‐resistant schizophrenia[^1^](#prp2627-bib-0001){ref-type="ref"} and FDA approval for treatment of suicidal ideation and behavior in schizophrenia patients.[^2^](#prp2627-bib-0002){ref-type="ref"}, [^3^](#prp2627-bib-0003){ref-type="ref"} However, despite its effectiveness, physicians are hesitant to prescribe the drug due to the risk of development of severe adverse effects,[^4^](#prp2627-bib-0004){ref-type="ref"} most notably being clozapine‐induced agranulocytosis (CIA) occurring in approximately 0.7% of patients.[^5^](#prp2627-bib-0005){ref-type="ref"}, [^6^](#prp2627-bib-0006){ref-type="ref"} Agranulocytosis is hallmarked by a low absolute neutrophil count (ANC \< 500 x 10^9^/L), severely weakening the immune system and, if left untreated, can be fatal.[^7^](#prp2627-bib-0007){ref-type="ref"}, [^8^](#prp2627-bib-0008){ref-type="ref"} To prevent this serious adverse effect, a rigorous monitoring program was established. Patients are required to undergo weekly blood draws to monitor neutrophil count for the first 18 weeks of treatment and every 4 weeks thereafter for the remainder of the treatment duration. When the neutrophil count decreases to neutropenia (ANC \< 1500 x 10^9^/L), treatment with clozapine is discontinued. The monitoring program has successfully lowered the prevalence of clozapine‐induced agranulocytosis.[^9^](#prp2627-bib-0009){ref-type="ref"}

To date, the etiology of CIA remains unknown. There are two hypotheses involving the etiology of CIA. First, CIA is thought to have an immunological component[^8^](#prp2627-bib-0008){ref-type="ref"}, [^10^](#prp2627-bib-0010){ref-type="ref"}; when patients with a history of CIA are challenged with clozapine a second time, they develop CIA more often and faster, suggesting sensitization of the immune system.[^10^](#prp2627-bib-0010){ref-type="ref"} Additionally, there are some (inconsistent) findings of antibodies against myeloperoxidase (MPO)---an enzyme secreted by neutrophils---, also suggesting immune mediation of the response. Second, clozapine can be oxidized by a combination of MPO and H~2~O~2~ to a reactive nitrenium ion that is thought to have a direct toxic effect on the neutrophil, although this has only been shown in vitro.[^11^](#prp2627-bib-0011){ref-type="ref"}, [^12^](#prp2627-bib-0012){ref-type="ref"}, [^13^](#prp2627-bib-0013){ref-type="ref"}, [^14^](#prp2627-bib-0014){ref-type="ref"}

The two hypotheses are not mutually exclusive; it is possible that the reactive clozapine nitrenium ion irreversibly binds to neutrophils, resulting in altered membrane structure and therefore can act as a hapten in the production of antibodies.[^15^](#prp2627-bib-0015){ref-type="ref"}

Still, it remains unknown how CIA would affect only some patients and not all. An explanation for this might lay in the identification of a genetic component to CIA: a recent genome‐wide association study (GWAS) has identified two alleles with genome‐wide significance associated with CIA.[^16^](#prp2627-bib-0016){ref-type="ref"} These two alleles (HLA‐DQB1 and HLA‐B) reside in the major histocompatibility complex (MHC), a region coding for the human leucocyte antigens (HLA), proteins essential for antigen presentation to the adaptive immune system and subsequent clearance of pathogens. Both proteins can probably be expressed on neutrophils,[^17^](#prp2627-bib-0017){ref-type="ref"}, [^18^](#prp2627-bib-0018){ref-type="ref"} however, the mechanism by which these alleles predispose for CIA remains unknown. In addition, the specificity and sensitivity of the genetic markers associated with CIA up to now do not make them suitable to use for a clinical predictor test. Such a (genetic) predictor test would be of great clinical significance.

Understanding of the mechanisms involved in the pathogenesis of CIA is of obvious clinical importance. Recently, our group found a significant association between neutrophil fluorescence and clozapine use. In this study we showed that neutrophil fluorescence was significantly higher in clozapine users than in nonusers.[^19^](#prp2627-bib-0019){ref-type="ref"} Although the autofluorescence was observed in neutrophils of all clozapine users and therefore not necessarily related to CIA, studying the origin of this fluorescence could give insight in the way clozapine affects the neutrophil and if and how this could be related to CIA.

The present study aimed to explore clozapine‐associated fluorescence of neutrophils in further detail by evaluating its subcellular localization and elucidating its source. We show that the fluorescence spectrum of clozapine‐associated autofluorescence of neutrophils ranges from 420 to 720nm with a peak near 520 nm and that the fluorescence follows a granular pattern. Additionally, stimulation and degranulation of the neutrophils induced a significant decrease in fluorescence signal, also suggesting a granular localization of the fluorescence. Lysates of these neutrophils show a fluorescent signal at 14kDa indicating the signal is originating from a protein or protein fragment of 14kDa.

2. MATERIALS AND METHODS {#prp2627-sec-0002}
========================

2.1. Reagents and antibodies {#prp2627-sec-0003}
----------------------------

Shock buffer consisted of 155 mmol/L Ammonium Chloride, 10 mmol/L Potassium Bicarbonate and 0.1 mmol/L EDTA. The SDS lysis buffer contained 0.5% (w/v) SDS, 0.05 M Tris⋅Cl, and 1 mmol/L fresh dithiothreitol (DTT). Phosphate‐buffered saline (PBS) was supplemented with 0.32% trisodium citrate and 10% pasteurized plasma solution (Sanquin, Amsterdam, the Netherlands) to create PBS2+. Functional assays were performed in HEPES buffer (20 mmol/L HEPES, 132 mmol/L NaCl, 6 mmol/L KCl, 1 mmol/L MgSO4, and 1.2 mmol/L KH2PO4), supplemented with 5 mmol/L glucose, 1.0 mmol/L CaCl2, and 0.5% Human Serum Albumin. Antibodies for CD14 (PE‐Cy™7, clone M5E2, dilution 1:50), CD16 (APC H7, clone 3G8, dilution 1:50), and CD63 (PE, clone H5C6, 1:50) were obtained from BD Biosciences (San Diego, CA, USA). Platelet‐activating factor 16 (PAF) was from Calbiochem (Darmstadt, Germany), and formyl‐methionyl‐leucyl‐phenylalanine (fMLF) and cytochalasin B were purchased from Sigma‐Aldrich (St. Louis, MO, USA).

2.2. Subjects and study design {#prp2627-sec-0004}
------------------------------

Remnant blood samples of psychiatric patients using clozapine (N = 7) were collected at the psychiatry outpatient clinic of the University Medical Center Utrecht (UMC Utrecht). Samples consisted of residuals from monthly checkups and were anonymized for the purpose of the study. Therefore, the study was exempted from obtaining written informed consent according to Dutch law. The study was approved by the local Medical Research and Ethics Committee and Biobank. Patients using clozapine with a dose higher than 100 mg/day for longer than 1 month were included in the study, insuring clozapine‐induced fluorescence had reached detectable and stable levels.[^19^](#prp2627-bib-0019){ref-type="ref"}

Healthy volunteer samples were obtained from the bloodbank Mini Donor Dienst of the UMC Utrecht after written informed consent was obtained in accordance to the declaration of Helsinki.

2.3. Confocal microscopy of neutrophils {#prp2627-sec-0005}
---------------------------------------

Blood samples of patients (N = 2) and healthy volunteers (N = 2) were used to prepare blood films for evaluation with confocal microscopy. First, the samples were fixed with 4% paraformaldehyde in PBS. The fixed cells were transferred and attached to a glass slide by Cytospin centrifugation (Thermo Scientific, Waltham, MA, USA) for evaluation with a Zeiss LSM710 (Carl Zeiss, Sliedrecht, the Netherlands) confocal laser scanning microscope. Using a multilaser flow cytometer, we observed clozapine‐associated fluorescence to be stronger when excited with a 405 nm laser instead of a 488 nm laser as published previously[^19^](#prp2627-bib-0019){ref-type="ref"} (Figure [S1](#prp2627-sup-0001){ref-type="supplementary-material"}). Therefore, clozapine‐associated fluorescence emission spectrum was examined using lambda stacks and violet laser light exciting at 405nm, measuring fluorescence emission intensity from 420 to 720 nm in 3.2 nm steps. Fluorescence was imaged using excitation of 405 nm violet laser light and the standard DAPI (4',6‐diamidino‐2‐phenylindole) filter set.

2.4. Neutrophil sorting, immunostaining, and degranulation assays {#prp2627-sec-0006}
-----------------------------------------------------------------

Whole blood samples from 5 patients and 2 healthy volunteers were treated with erythrocyte shock buffer and stained with CD14 and CD16. Neutrophils were sorted based on FSC/SSC (forward‐scattered light; FSC and side‐scattered light; SSC) and CD16^high^/CD14^neg^ with a BD FACSAria III™ (BD Biosciences, San Jose, CA, USA). Samples were typically \> 99% pure as determined by re‐analysis with the BD FACSAria III™ and microscopic evaluation of May‐Grünwald Giemsa‐stained cytospins. Sorted neutrophils were kept on ice in HEPES buffer or preincubated for 5 minutes with either cytochalasin B (5 μg/mL) or PAF (10^‐6^ M) followed by stimulation with 10^‐6^ M fMLF for 15 minutes to determine localization of the fluorescence signal.

The remainder of the sample was immunostained for CD63 in PBS2 + for 20 minutes to confirm successful neutrophil degranulation.

After fixation with 1% formaldehyde, samples were analyzed on a Beckman Coulter Gallios™ within 24 hours. Fluorochromes were chosen for minimal bleed‐through from clozapine signal.

2.5. Isolation of neutrophils (for use in SDS‐PAGE assay) {#prp2627-sec-0007}
---------------------------------------------------------

Mononuclear cells were depleted from whole blood by centrifugation (1500 rpm for 5 minutes (450G)) over isotonic Ficoll (GE Healthcare Life Sciences) to obtain a neutrophil‐containing erythrocytes layer. Isotonic lysis of remaining erythrocytes took place for 5 minutes at room temperature with shock buffer. Neutrophils were washed and resuspended in shock buffer, followed by boiling the samples for 5 minutes.

2.6. SDS‐PAGE assays {#prp2627-sec-0008}
--------------------

Neutrophil lysates were prepared from the isolated neutrophils using sodium dodecyl sulfate (SDS) lysis buffer. Samples prepared with identical neutrophil numbers were loaded and separated by 10% sodium dodecyl sulfate‐polyacrylamide gel electrophoresis (SDS‐PAGE) in a Bolt™ 4%‐12% Bis‐Tris Plus gel (Thermo Scientific, Waltham, MA, USA) following manufacturer\'s instructions. Gels were scanned at different wavelengths using a Typhoon 9400 Scanner (GE Healthcare, UK).

2.7. Data and FACS analyses {#prp2627-sec-0009}
---------------------------

Images were analyzed with ImageJ 1.47T (National Institutes of Health, Bethesda, MD, USA) and FACS data were analyzed with FCS Express 5.01 (De Novo Software, Glendale, CA, USA). Statistical analysis was performed with the free software environment R.[^20^](#prp2627-bib-0020){ref-type="ref"} A Wilcoxon signed‐rank test was used to compare groups, a *P*‐value of .05 or lower was considered statistically significant.

3. RESULTS {#prp2627-sec-0010}
==========

3.1. Localization of clozapine‐associated fluorescence {#prp2627-sec-0011}
------------------------------------------------------

To confirm previous findings of autofluorescence, specifically observed in neutrophils of clozapine users,[^19^](#prp2627-bib-0019){ref-type="ref"} we started by determining the emission spectrum of clozapine‐associated neutrophil fluorescence. Clozapine‐associated fluorescence showed a broad emission spectrum, with peak emission around 520 nm (Figure [1](#prp2627-fig-0001){ref-type="fig"}). Therefore, we chose to use FL‐10 fluorescence channel of the FACS (excitation 405 nm, emission window ranging from 530 to 570 nm) in our current study. It should be noted that the emission spectrum of most molecules is independent of the excitation wavelength and excitation with either 405 or 488 nm will most probably result in a similar emission spectrum.[^21^](#prp2627-bib-0021){ref-type="ref"}

![Fluorescence spectrum of clozapine‐associated autofluorescence in neutrophils. The emission spectrum of clozapine‐associated autofluorescence in neutrophils was determined with a confocal scanning microscope in lambda mode (Zeiss LSM710) measuring emission from 420 to 720nm in 3.2nm steps. The (unstained) sample was excited with laser light at 405nm. An emission peak was found near 520 nm indicating green fluorescence. Depicted dots and error bars within the figure are averages and 95% standard deviations, respectively (n = 3)](PRP2-8-e00627-g001){#prp2627-fig-0001}

In accordance with our previous findings, we observed a high fluorescence intensity in patient samples signal when compared to controls (Figure [2](#prp2627-fig-0002){ref-type="fig"}). Moreover, microscopy images showed that fluorescence was specifically located in the neutrophils of the patient samples. The fluorescence followed a perinuclear uneven staining pattern, reminiscent of granular staining.

![Confocal fluorescence microscopy images of unstained blood samples from a clozapine user and a healthy control. Blood samples of a clozapine user (A,C,E) and a healthy control (B,D) were fixed with 4% paraformaldehyde in PBS and attached to a glass slide for confocal microscopy imaging. Samples were excited at 405 nm violet laser light and fluorescence was detected using the standard DAPI (4',6‐diamidino‐2‐phenylindole) filter set (C,D,E). Neutrophils of clozapine user showed high fluorescence intensity, whereas this signal was absent in the control sample. The fluorescent neutrophils show a perinuclear‐staining pattern (E)](PRP2-8-e00627-g002){#prp2627-fig-0002}

3.2. Fluorescence intensity decreases after neutrophil degranulation {#prp2627-sec-0012}
--------------------------------------------------------------------

To demonstrate that the fluorescence signal originates from granules isolated neutrophils from patient samples were stimulated with degranulation‐inducing agents PAF/fMLF and cytochalasin B/fMLF. The strong degranulation‐inducing agent cytochalasin B/fMLF stimulates the neutrophils to release all types of granules (secretory, gelatinase containing, specific and azurophilic), achieving complete degranulation, while the moderately degranulation‐inducing agent PAF/fMLF induces release of most types of granules, except azurophilic granules.[^22^](#prp2627-bib-0022){ref-type="ref"}

Before and after stimulation, neutrophil autofluorescence (Figures [3](#prp2627-fig-0003){ref-type="fig"} and [4](#prp2627-fig-0004){ref-type="fig"}) and a protein marker (CD63, a lysosomal protein residing in the azurophilic granules[^23^](#prp2627-bib-0023){ref-type="ref"}) for degranulation of the neutrophil azurophilic granules were monitored. A significant increase in the degranulation marker (*P* \< .015) was found, indicating successful stimulation (Figure [4A](#prp2627-fig-0004){ref-type="fig"}).

![Flowcytometry histograms of neutrophil fluorescence before and after neutrophil stimulation using Cytochalasin B/fMLF. Neutrophil autofluorescence was measured in a patient and a control sample in the FL10 channel (excitation: 405nm, emission: 550/40nm). Among the unstimulated samples (black and red) an increased fluorescence is seen only in the patient sample (red). Histograms show a decrease in neutrophil fluorescence after stimulation of the patient sample (blue)](PRP2-8-e00627-g003){#prp2627-fig-0003}

![Effects of neutrophil stimulation on neutrophil fluorescence and CD63 expression in clozapine users. (A) Neutrophil stimulation of clozapine users (N = 7) with cytochalasin B/fMLF significantly reduced fluorescence intensity (*P* = .015), while stimulation with PAF/fMLF did not (*P* = .81). (B) Shows a significant increase in CD63 (*P* = .015)---the degranulation marker of azurophilic granules---after incubation with degranulation agents (Cytochalasin B and PAF), indicating successful neutrophil stimulation and degranulation](PRP2-8-e00627-g004){#prp2627-fig-0004}

A significant decrease in clozapine‐associated fluorescent signal after stimulation with cytochalasin B/fMLF (*P* = .015) was observed, but not after stimulation with PAF/fMLF (*P* = .81) (Figure [4B](#prp2627-fig-0004){ref-type="fig"}). This finding suggests that the fluorescent signal originates from the azurophilic granules.

3.3. Neutrophil fluorescence originates from a 14kDa protein or peptide fragment {#prp2627-sec-0013}
--------------------------------------------------------------------------------

To identify the source of the observed fluorescence, isolated neutrophil lysates were separated by SDS‐PAGE and were evaluated under a laser scanner (Figure [5](#prp2627-fig-0005){ref-type="fig"}). The gels were excited at 532 nm and emission was detected at 555 nm. A fluorescent 14 kDa band was detected in the patient samples, whereas this band was absent in the healthy control samples. Neutrophil fluorescence is likely to be originated from a 14 kDa protein or protein fragment.

![SDS‐PAGE of isolated peripheral blood mononuclear cells and neutrophil lysates from samples of clozapine users and healthy controls. Isolated granulocytes of a healthy control (sample 1) and a clozapine user (sample 2) were separated by SDS‐PAGE and evaluated under a laser scanner (excited at 532nm, emission at 555nm). A fluorescent protein band of nearly 14 kDa was observed in clozapine sample (sample 2), whereas this band was absent in the healthy control (sample 1)](PRP2-8-e00627-g005){#prp2627-fig-0005}

4. DISCUSSION {#prp2627-sec-0014}
=============

With this study we have further explored clozapine‐associated neutrophil fluorescence in clozapine users to gain more insight into the source and localization of the signal. We have confirmed previous findings of enhanced fluorescence following clozapine exposition[^19^](#prp2627-bib-0019){ref-type="ref"} and further defined the fluorescent emission spectrum of clozapine‐associated neutrophil autofluorescence. Microscopy showed that the fluorescence follows a granular staining pattern. Stimulating neutrophils from clozapine users to release their granules showed a significant decrease in signal with the release of azurophilic granules. Lastly, with SDS‐PAGE of the neutrophil lysates we detected a 14kDa fluorescent band, suggesting that the fluorescent peptide originates from a 14kDa protein or protein fragment.

4.1. Clozapine‐associated fluorescence originates from the granules {#prp2627-sec-0015}
-------------------------------------------------------------------

The granular pattern of clozapine‐associated fluorescence and the signal reduction after release of the granules suggest that the fluorescence arises from the granules in the neutrophil. The fact that the fluorescence signal decreases significantly after cytochalasin B exposure and not after PAF indicates that this signal mainly arises from the azurophilic granules. This azurophilic granule contains a number of oxidizing agents, including myeloperoxidase (MPO).[^24^](#prp2627-bib-0024){ref-type="ref"} MPO is thought to play a role in the formation of the clozapine nitrenium ion,[^12^](#prp2627-bib-0012){ref-type="ref"}, [^25^](#prp2627-bib-0025){ref-type="ref"} an ion possibly toxic to neutrophils,[^12^](#prp2627-bib-0012){ref-type="ref"}, [^13^](#prp2627-bib-0013){ref-type="ref"} and most abundantly present in azurophilic granules of neutrophils. Therefore, clozapine‐associated fluorescence might be linked with the formation of the clozapine nitrenium ion and indirectly with CIA.

4.2. The fluorescent molecule is most likely (bound to) a 14 kDa granular protein {#prp2627-sec-0016}
---------------------------------------------------------------------------------

The results from the performed SDS‐PAGE analyses showed that clozapine‐associated fluorescence originates from a protein (or protein fragment) of approximately 14kDa. As clozapine itself is not a peptide, but a small molecule, it is not the direct origin of the fluorescent band. The signal must therefore be originating from a protein with added clozapine (or metabolite), from increased expression of an autofluorescent protein, or a combination of the two. The decrease in fluorescence signal after neutrophil stimulation suggests that the signal originates from a soluble protein, as a membrane bound protein would show an increased fluorescence on the outer membrane of the cell, but not a loss in overall fluorescence (which we did not observe).

We cannot exclude the possibility that neutrophil fluorescence results from oxidized flavoproteins. These are proteins containing a flavin adenine dinucleotide (FAD) group, making the protein autofluorescent when oxidized.[^26^](#prp2627-bib-0026){ref-type="ref"} It is possible that one of these oxidized flavoproteins is responsible for the clozapine‐associated fluorescence observed by our group, since the emission/excitation spectrum (measured at 488/530nm) is very similar to the spectrum we have observed.

It is also possible that clozapine (or one of its metabolites) alters an existing protein to exhibit a fluorescent signal. Since our results indicate the signal originates from the granules, it must be a protein present in the granules. A potential origin of the fluorescent 14kDa band is the light chain of MPO, which is 14kDa under reducing conditions like in an SDS‐PAGE gel,[^27^](#prp2627-bib-0027){ref-type="ref"} resides in neutrophil azurophilic granules and secreted during neutrophil degranulation.[^28^](#prp2627-bib-0028){ref-type="ref"} We have used a published list of granular proteins[^29^](#prp2627-bib-0029){ref-type="ref"} to select proteins of approximately 14kDa (Supplement Material, Table 1). If we assume that the fluorescence is arising from the azurophilic granules and the protein is not degraded by enzymes, the list of candidate proteins is reduced to Brain Protein I3 and NADH dehydrogenase (ubiquinone). Although it is tempting to hypothesize of the possible role of these proteins, this would be speculative and future studies have to reveal the nature of this protein.

4.3. Implications of the fluorescence finding {#prp2627-sec-0017}
---------------------------------------------

The finding of clozapine‐associated fluorescence of neutrophils from clozapine users could be a mere coincidence without clinical meaning. It is, however, likely that this finding could be exploited in clinical practice. The signal could be used as a biomarker for long‐term adherence, as the half‐life of enhanced fluorescence in clozapine users was estimated on 230 hours.[^30^](#prp2627-bib-0030){ref-type="ref"} A marker to evaluate adherence would be highly beneficial in this specific patient population, as medication nonadherence is the major cause of treatment failure in schizophrenia patients.[^31^](#prp2627-bib-0031){ref-type="ref"}

It is possible that the clozapine‐associated fluorescence in neutrophils provides a (small) piece of the CIA puzzle. Considering the half‐life of FL3 fluorescence, and the long lag between intake of clozapine and neutrophil fluorescence being observed, the fluorescence could be indication of an early effect on the maturation process of a neutrophil in the bone marrow. It is possible that clozapine affects the maturation process of the neutrophil, resulting in slightly damaged or activated neutrophils, or in neutrophils that survive for a shorter period in the bloodstream, thus requiring an increased production. Previous studies showing direct toxicity of the clozapine nitrenium ion to neutrophils and bone marrow precursors are in agreement with this hypothesis.[^12^](#prp2627-bib-0012){ref-type="ref"}, [^15^](#prp2627-bib-0015){ref-type="ref"}

We hypothesize that clozapine alters the balance between production and degradation of neutrophils in a subtle way. This fragile balance in turn might be more easily disturbed, leading to clozapine‐induced agranulocytosis in only a small number of patients. This hypothesis is supported by Fehsel et al who reported that blood of CIA patients who underwent agranulocytosis showed enhanced apoptosis expression markers and intracellular superoxide production compared to clozapine users without agranulocytosis.[^32^](#prp2627-bib-0032){ref-type="ref"}

This study has further explored clozapine‐associated neutrophil autofluorescence by investigating the location and origin of this fluorescence. We conclude that the fluorescence originates from neutrophil azurophilic granules. Additionally, this fluorescence originates from a protein or protein fragment of approximately 14kDa. These findings could provide a piece of the clozapine‐induced agranulocytosis puzzle, however, future studies are necessary to further explore the clinical importance of clozapine‐associated neutrophil fluorescence and its role in clozapine‐induced agranulocytosis and leukopenia.
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